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This invention relates to catalyst ^uj^^^^^^^ olefi" an1"more particularly in a 

The catalyst can be used .n an ''"P^?^^? P;°?r L^dS of polyolefins produced so as to obtain 
method of controlling the ^^'^^"''f *f J^Sr wS^fa^^^^^^^^ The invention particularly relates 

forpZ^eSJaS^ 

molecular weight polyolefins of f "^i'ff„7°'5S^ The molecular weight control 

addition of controlled amounts of hydrogen to f ^ P°'So^^^^ catalyst system comprising tt.e 

was described as useful In comb.nat.on w th ^ hydroca bon .nso ^yj. ^ organometallic 

reaction product of a compound of a metal o G^o"PJJf;^^« .^^^ metal. The patentteaches 

scts^;:src:;7;iM --^^ '^--^ °^ 

product viscosity. . ^^„p^ ^^^u as bis(cvclopentadienyl) titanium or zirconium 

Eurapnn PatCTt Appln. """^ , csBhst system of II I wdopmtadienvl compound o«h« 

polyman In th. ptosine. »' = ''J W"-'^,?'^ " IntKoTl m Me Is • transition m«al, especially 
E,rmola(cydopanta<llenyllJ^eY,.jn»hKhn,san^ 

system Is also h,*ogen smslti™ .^r ""I'f;" r;^;!" ^^^^ a^am. is their extremely high 

An alyantage of the ■r«»r2*;Kiton™Sa5 lsthatl^^^^ 
3S ectl»ltyfcr«hylenepolym.l^«<m-*™»«'^^^^^ , „„3a,„ralion present ,n 

SskraZtoJS'hSeSrrr.^^^^^^ 

polymerization temperatures. j„„t,ai,.o tn maximize Dolvmerization temperatures in order to 

As is generally known in the art, it Is <*esirable to rna)«m.ze p^^^^^^ recovery. The catalyst 

45 achieve hi'gh Po'vn'enzation activjy an^^^^^^^^^ KrP-^'-t of Ngh m'oSar weight, high density 

S^SSfo^rS'-^^^^^^^ 

operatlns costs am) dacreaslns ""''""'""J?'- „„, „„ivsts which can be usefully employed to 
I, .Juld be highly desirable ^';^'*^SS^Zl£SX^<>i>>!^ temperatures and to be 
" ;br,."cSorm"at;,r.l^^ff«* "S.'°p:i,me, pr-SuJ Without resottlng ». temperature 

"■"';2co'rdKr, present Invention P-f'-jX'S^? «'Xh rj^rr.o obuK;; 
unsaturation. rT.nipruIar weiaht of polymer product can be controlled by the judicious 

to molecular weight and dens'ty. oolvmerization of ethylene and alpha-olefins to polyethylene 

« rraS^ cIJ,%S"SS'.rc^Tp2ntS,^SS... o, . ^roup 4b, Sb and 6b metal of the 
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Periodic Table and include mono, dl and tricyclopentadienyl and theirdenva«ves f J5,?';;^2q7^'|; 

joined together to form a ^^-^^"/^^'^^^{^t fS^nio^f a MrocXn radical such as aryl, alkyi, 

rSrw^ i W/^^^ ^ ^ •'Vdrocarbv, radical 

'^^rrnMSn^tive t^ffleSne^Slloce^^^ on, can use certain carbenes. Th the 

carbene represented by the formula 

CpaZr=»CH2 • PtCeHsjzCHa 
and its derivative of the formula 

and the carbene represented by the formula 

Cp2Ti=CH2 • AKCHalaCI 

25 

and the derivatives of this carbene 

Cp2Ti=CH2 • AKCHala, (Cp2TiCH2)a, 
5^ Cp.T ;iCH2CH(CH3)C H2, CpaTi^CH^ - AIR-'aCl, 

wherein Cp is a cyclopentadienyl or substituted cyclopentadlenyl radical, and R- is an alkyI, aryl or 
alkylarvl radical having from 1—18 carbon atoms. 

The molecular v^eight of the polymer product can be further controlled by the ratio of alumoxane to 

^ and/IJ othtXands ?ir '^Vme'aSLenes In order to'control and tailor polymer molecular weight and/or 
~Tro%seTinvention is directed towards catalyst systems and a catalytic P^cess for the 

Illustrative of the higher alpha-olefms are butene-1. hexene-l and octene-1. 
°^'^'S!^\, -an be oreoared in various ways. Preferably, they are prepared by contacting water 
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form of a moist solvent In an alternative method, the aluminum alkyi such as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate, -ru *u ^ 

Preferably, the alumoxane Is prepared in the presence of a hydrated copper sulfate. The method 
comprises treating a dilute solution of aluminum trimethyl In, for example, toluene, with copper sulfate 

5 represented by the general formula CUSO4 • 5Hj,0. The ratio of copper sulfate to aluminum tnmethyl is 
desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 

by the evolution of methane. * . ^ . *u 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 
bl and tricyclopentadienyl or substituted cyclopentadienyl metal compounds.. The metallocenes are 

10 represented by the general formula 

{C5R'JpR",(CsR'm)MeQ3-p, R",{C6R'„)2MeQ' 

or a derivative thereof as specified above. . ^ . , . , w • u h^^*.A 

Exemplary hydrocartsyl radicals are methyl, ethyl, propyl, butyl, amy!, Isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlonne 

^Bcemplary of the alkylidone radicals is methylidene, ethylidene and propylidene. 
Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metallocenes which can be usefully employed In accordance with this invention are 
monocyclopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bis(Cp)Ti(IV) compounds such as bis(indenyl)Ti diphenyl or dichlorlde, bis(methylcyclopentadienyllTi 
25 diphenyl or dihalides and other dihallde complexes; dialkyl, trialkyl, tetra-aj|fY' P«^^^ 

dienyl titanium compounds such as bis(l,2 - dimethylcyclopentadienyDTi diphenyl or dichloride. bis(1,2 - 
diethvlcvdopentadienyOTi diphenyl or dichloride and other dihalide complexes; silicone, phosphine. 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl titanium 
diohenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride, methylene- 
dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6,7 - tetrahydroindenyOtitanium 
dichloride and other dihalide complexes. in 
Illustrative but non-limiting examples of the zirconocenes which can be usefully employed in 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the alky substituted 
cyclopentadienes,such as bis(ethyl cyclopentadienyDzirconium dimethyl, bls(p - phenylpropylcyclopenta- 
dienyl)zirconlum dimethyl, bis(methylcyclopentadienyl)zirconium dimethyl, and dihalide complexes of the 
above; di-alkyl, tri-alkyi, tetra-alkyl, and penta-alkyl cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyDzirconium dimethyl, bis(pentamethylcyclopentadienyl)zlrconium dimethyl, bis(l, 2 - dimethylcyclo- 
pentadienyDzirconlum dimethyl, bis(1,3 - dIethylcyclopentadienyDzlrconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene comp exes such as 
40 dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methylphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be In the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. ^ 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 
45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 

^"^ /2*a"ftJrther control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results In higher polymer product 

50 molecular weight. . ^ . , , 

Since, in accordance with this Invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 

55 pressures. For example, such temperatures may be in the range of -60X to 280X and especially in the 
range of SOX to 160°C. The pressures employed In the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
In inert hydrocarbon solvent such as toluene and xylene In molar ratios of about SxIQ-'M. However 

60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. . . . 

es After polymerization and deactivation of the catalyst, the product polymer can be recovered by 
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other suitable comminuted shapes. Pigmenis, a molecular 
be added to the polymer. . ,^„,dance with this invention will have a weight average molecular 

Weight Distribution (EP— A-128 045). i„„„„tinn are caoable of being fabricated into a 

naphthylamine. was added to all samples. 
150C. 

a molecular weight distribution of 3.5, 
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Examples 6—8 

Examples 8 were performed as Example II except that 0.2 mg of metallocenes as listed in Table II 
and 9.0 cm^ alumoxane were employed giving an Al/Zr of 8x10*. The results are summarized in Table 11. . 

S TABLE 1 

Substituted cyclopentadlene (Cp) ligand effects 

_ _ Activity 

Example Catalyst** Mw Mn MWD kg/g.h.atm 



1 


CpaZrCts 


140,000 


39,500 


3.5 


252 


2 


(MeCpjjZrCIa 


212,000 


55,900 


3.8 


467 


3 


(EtCp)2ZrCl2 


171,000 


44,700 


3.8 


306 


4 


(B-PP-CplzZrCIa''- 


282,000 


78,200 


3.6 


335 


5 


(MefiCplaZrCiz 


63,000 


13,200 


4.7 


71 



••Al/Zr=24,000 
»-pps phenyl propyl 

2S TABLE II 



Example 


Catalysf- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


6 


(MegCplaZrCIa 


47,300 


13,200 


3.6 


142 


7 


{MeCp)2ZrCl2 


180,000 


48,300 


3.7 


278 


8 


(EtCplaZrCIa 


184,000 


50,000 


3.7 


281 



■•Al/Zr=8,000 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
^ the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethylenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

45 

Example 9 (comparative) 

A 1-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm^ of dry, degassed toluene was introduced 

so directly into the pressure vessel. 10.0 cm^ of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
and 50°C for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm' of liquid propylene at 25X was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zirconium dimethyl in 10 
ml of toluene was injected through the septum Inlet into the vessel. Ethylene at 152.1 psig (1148 kPa) was 

ss admitted and the reaction vessel was maintained at 50°C. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm^ at 23°C. 

60 Example 10 

A 1 -liter stainless steel pressure vessel, equipped with an Incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm' of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm' of alumoxane solution (0.8 moles in total aluminum) was injected 
65 into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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a pressure of 126.2 psig. (969.4 kPa) 0.102 mg o™.^ the Ethylene at 152.4 psig (1150 kPa) was 
ml of toluene was Injected through s^CeJS ?0^^^^^^^^ 

admitted and the reaction vesse was •^3'";^'"^°^^!^^^^ and cooling the reactor. 12.0 gms of 

minutes at which time the '^^'^.^'^^'^^ BatSd which contained « mole % propylene. The 

copolymer having an intnnsic viscosity of 052 was isoiaieo 
density was 0.854 g/cm' at 23°C. 

Example U «.,«..oi on.iinnpd with an incline blade stirrer, an external water jacket 

A Miter stainless steel pressure ve^el. PP°j*^'J^^^^^^ supply of dry ethylene and nitrogen, 
for temperature control, a septum inlet and vent Ime, ^ re9"J«J° ^ j^^Jg^gd t^iuene was introduced 
was dried and deoxygenated « "' 'SlTanS^^^^^^^ 

directly into the pressure vessel, ^.^f ^'T^ the mixture was stirred at 1 200 rpms 
into the vessel by a gas tight synnge ^^rough the sep^m rn^et „pylene at 25°C was then added 

and 50-C for 5 minutes at 0 ps.g (9W W>8) 1^^^°!^^:/^ '^^ bis(pentamethylcyclopentadienyl)2.rcon.um 
resulting in a pressure of 126.2 ps g '^f 9-* ^^^^^^^^^^^ '^1^^ j^,^ jmo the vessel. Ethylene at 15 .5 psig 

propylene. The density was 0.934 g/cm' at 2yc. 
Claims 

« 1.Acata.ystsuitableforthepolymerisationofanolefincomprising(a)thecarbenerepresentedbythe 
formula 

CpaZr^CHiRCfiHslaCHa 

30 and its derivative of the formula 

Cp2 ZrCH2CH(CH;)C H2 

and the carbene represented by the formula 

CpjTi^CHa'AUCHalzCl 



35 



40 



and the derivatives of this carbene 

CpaTi-CHa-AKCHJa, ICpaTICHala, 



Cp» TiCHaCH(CH3)(? H2> CpaTi-CHa • AIR'"aCI, 

(C,R'JpR".IC,R'JMeQ3-p or R".{C,R'„)2MeQ', 

>, K ck Rh mptai (C R' ) is cvclopentadlenyl or substituted cyclopentadienyl, each 
wherein Me is a Group 4b, 5b or 6b metal, '^s" J"' glkenyi, aryl, alkylaryl or arylalkyi radical 
50 R' which can be o^^^^e same or d.fferent. is h^^^^^^^^ ^^^^ , 3 c,^, 

having from 1 to 20 carbon 3"'"= 9^ ^° " ^ a,u,| ohosphlne or amine radical bridging two 

alkylene radical, a dialkyi germanium o"" is S^UM, ilkenyl. alkylaryl or arylalkyi radical 

{C,R'„) rings, each Q which can be rad^^l having from 1 to 20 carbon atoms, 

having from 1 to 20 carbon atoms or •^^'"Sf ' ° J.'^^'fs 4®^^^ 3 is 1 ; m is 5 when s is 0; and that at 
55 s is 0 or 1. p Is 0, 1 or 2; provided that s is 0^^°^ j'jj ^'^ J^f^JSical or halogen and (b) an alumoxane. 
least one R' Is a hydrocarbyl radical whe" s-0 and Q ^"^^/Z f,^,^;^^ gnd R' is methyl, ethyl or butyl. 

2. A catalyst according to claim titanium diphenyl, 

3. A catalyst according to dajm I^^^J-XXTcStm Jfen^^ dichloride, bis(othylcyc o- 

. SSl:n«M^^^^^ Sr^nSm' ^ 

A orocess for polymerising one or more olefins which comprises conducting the polymerisation m 
es the presJnS o? fcSt'e^yst system as claimed in any one of claims 1 to 3. 
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carbon atoms per molecule. 

PatentansprQche ^ ^ ^ c 

Cp2Zr=CH2P{C6H5)2CH, 



» und sein Derivat der Formel 

CD ^HkCHCCHalg H; 

und das Carben der Formel 
« CpsTi-CHa-AKCHJaCI 

und die Derivate dieses Carbons 

20 



Cp2Ti=CH,-AI(CH,)„ (CpaTiCHi)*. 
Cp, TiCH2CH(CHa)C H2. Cp2Ti=CH2- AIR'-'aCI. 

(C,R' JpR".(C*R' JMeQ,-p oder R".(CsR'm)»MeQ' 

.t.worinMeeinMetanderGruppe4b.Bbo^^^^^^^^^^ 

30 Cyclopentadienylrest ist. jeder Rest f - J^r gle «:h J^/^ ^^^^^^^^^^^^ jst oder zwei R'-Substituenten 

AlkenyK Aryl-. Alkylar/I- o^^^ ^rylaU^lrest m. 1 Alkylenrest, ein Dialkylgermanium oder 

zusammen einen Icondensier^en s-Jng bilden R em l,, 4 ^.j^.^g^der verbindet, ist, jeder Rert 
Silicon Oder ein Alkylphosphin oder Aminrest, der ^f" J-J " . ^^ikyiaryl- oder Arylallcylrest mit 1 bis 20 
Q, der gleich oder verschieden '^J^^l'^S,'^^^^^^ Ws 20 Kohlenstoff atomen Ist, s 0 

35 Kohlenstoffatomen oder em Ha'°9«"/""? s o ist wenn p 0 is; m 4 ist, wenn s 1 ist; m 5 ist. wenn s 0 

?3n»rd^STrses%''^t^'M -° ° ^^'^'^^ 

Halogenatom ist und (b) ein Alumoxan. 

2. Katalysator nach Anspruch 1 X^^e'rbinJu^g (a bis?^^^^^^ Titandiphenyl. 

« 3. Katalysator nach Anspruch 1, wor^n die \^rb^^^ . Zirkoniumdichlorid, bis(Ethylcvclo- 

bis(Cyciopentadienyl) - T"'=CHaAl(CH^^^^^^^ -Zirkoniumdichlorid. bis(Penta- 

pentadienyl) - Zirkoniumdichlorid '''^jf • !^^"KKethvl - cyclopentadienyl) - Zirkoniumdimethyl, 

^ dichlorid ist. . mehrerer define, bei dem man die Polymerisation in 

aeg^nrS^J^ta^lTsrcrer^^^^^^^^^^^ ^ - 3 durch.h. 

5. Verfahren nach Anspruch 4. bei dem das Olefin Ethylen oder ein alpha-Olefm mit 3 b.s 8 
50 Kohlenstoffatomen pro MolekOI ist. 

Revendications 

1. Catalyseur apte h Stre utilis6 pour la polymerisation d'une ol6fine. comprenant (a) le carbine 
55 repr6sent6 par la formule 

Cp2Zr=CH2P<C6Hs)2CH3 

et son derive de formule 
60 Cpa ZrCHaCHiCHalC Ha et 

le carbene repr§sent6 par la formule 

CpjTi^CHa-AKCHJaCI 

55 
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et les d6riv§s de ce carbine, 

CpaTi=CHa-AHCH3)3, (CpaTiCHaja, 

5 Cpa JiCHgCHlCHalC Ha, CpaTi^CH, • AIR"'aCI, 

ou Cp est un radical cyclopentadi6nyIe ou cyclopentadienyle substitue. et R'" est un radical alkyle, aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compost de formula 

fO (C5R'„)pR".(C5R'„JMeQ3-p ou R'^iCsfi'ml^MeQ', 

dans laquelle Me est un metal' du Groupe 4b, 5b et 6b, (CjR'm) est un radical cyclopentadienyle ou 
cyclopentadienyle substitu6, chacun des R' qui peuvent jStre identiques ou differents represente 
I'hydrogSne, un radical alkyle, alcenyle, aryle, alkylaryle ou arylalkyle ayant 1 h 20 atomes de carbone ou 
bien deux substituants R' forment ensemble un noyau condense en C4 h R" est un radical alkylene en C, 
h Ca, un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(C5R' J, chacun des Q qui peuvent etre identiques ou differents est un radical aryle, alkyle, alcenyle, 
• alkylaryle ou arylalkyle ayant 1 h 20 atomes de carbone ou un halogene, Q' est un radical alkylidene ayant 1 
h 20 atomes de carbone, sale valeur 0 ou 1 , p a la valeur 0, 1 ou 2; sous reserve que s soit 6gaU 0 lorsque p 
20 est €ga\ d 0; que m soit 6gal d 4 lorsque 5 est dgal d 1 ; que m soit 6gal ^ 5 lorsque s est 6gal k 0; et qu'au 
moins I'un des R' soit un radical hydrocarbyle lorsque s est ^gal S 0 et Q est un radical alkyle ou un 
halogene, et (b) un alumoxane. 

2. Catalyseur suivant la revendlcatlon 1, dans lequel p est egal S 0, Q est le chlore et R est un radical 
m6thyle, ethyle ou butyle. 

25 3. Catalyseur suivant la revendication 1, dans lequel ie compose (a) est le bis(cycIopentadienylItitane- 
diphenyle, le bis(cydopentadienyl)Ti=CH2AI(CH3)2CI, le dichlorure le bis(methylcyclopentadienyl)- 
zlrconium, le dichlorure de bi5(ethylcyclopentadi§nyl)zirconium, le dichlorure de bis(p - phenylpropyl- 
cyclopentadienyDzirconium, le dichlorure de b!s{pentamethylcyclopentadi6nyl)2irconium, ie bis(t6tra- 
methylcyclopentadlenyDzlrconium - dimethyle, le bis(ethylcyclopentadi6nyl)zirconium • dlm6thyle ou le 

30 dichlorure d'6thyl6ne - bis(4.5,6,7 • tetrahydro - indenyDtitane. 

4. Proc§d6 de polymerisation d'une ou plusieurs oiefines, qui consiste ^ conduire la polymerisation en 
presence d'un catalyseur suivant Tune quelconque des revendications 1 ^ 3. 

5. Procede suivant la revendication 4, dans lequel I'oleflne est I'^thyl^ne ou une alpha-ol6fine ayant 3 h 
8 atomes de carbone par molecule. 
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